The thermal diffusivity of Teflon, sodium chloride, quartz, and silica glass was measured at 40øC to pressures of 35, 18, 30, and 36 kbar, respectively. A transient line source method was modified for use in a piston-cylinder high-pressure cell. Pressure gradients were determined by experiments with bismuth foils. The pressure dependence of the thermal diffusivity at 40øC for the substances studied may be represented as follows (K in square centimeters per second, P in kilobars): for the low-pressure phases of Teflon, Teflon I-II, P < 5.5 kbar, K = 0.0012 + 3.6 X 10-sP; for the high-pressure phase, Teflon III, 5.5 kbar < P < 35 kbar, • = 0.0012 + 8.0 X 10 -5 P; for polycrystalline halite, P < 18 kbar, • = 0.0031 + 9.5 X 10 -4 P; for quartz, perpendicular to the c axis, P < 30 kbar, • --0.031 + 5.3 X 10 -4 P; for silica glass, P < 36 kbar, • = 0.0068 -6.7 X 10 -6 P. The diffusivity of silica glass decreases with pressure, in contrast to the diffusivity of its crystalline counterpart, quartz, which increases with pressure. In addition to the diffusivity the thermal conductivity of Teflon was determined by measuring the power applied to the heater wire. The thermal conductivity of a Teflon I-II mixture is approximately constant at 0.0075-0.0078 cal/cm s øK to 5.5 kbar. Above 5.5 kbar the conductivity of Teflon III is given by K: 0.0062 + 4.0 X 10-sP. The specific heat of Teflon decreases with pressure and decreases discontinuously by 15% across the Teflon lI-lII phase change, in good agreement with the decrease predicted from thermal expansion and compressibility data.
INTRODUCTION
There are only a few reported data in the literature on the variation of the thermal conductivity or diffusivity of minerals with pressure [Bridgman, 1924; Fujisawa et al., 1968; Schloessin and Dt; orak, 1972] . We report here new thermal diffusivity (K) data for Teflon, sodium chloride, quartz, and silica glass and thermal conductivity (K) and specific heat (c) data for Teflon. These substances were chosen for measurements for a variety of reasons: (1) Teflon, as a material that is commonly used in pressure cells, as a material for which values had been published [,4ndersson and Bg'ckstr•m, 1972] , and as a material with phase transitions in the range of pressures attainable [Pistorius, 1964] ; (2) sodium chloride (polycrystalline), as a crystalline substance whose atomic structure allows theoretical calculations of the thermal properties [e.g., Mooney and Steg, 1969] ; (3) quartz, as a framework silicate representative of minerals in the earth's crust; and (4) silica glass, as an amorphous material for comparison with its crystalline counterpart, quartz.
THEORY: LINE SOURCE METHOD
We modified the transient line source method first proposed by daeger [1959] and later developed by daeger and Sass [1964] for application to a piston-cylinder high-pressure cell. In this method a thin linear heater serves as the heat source; the temperature rise (t;) above ambient is recorded as a function of time (t) at a known distance from the heater. The thermal diffusivity and conductivity may be determined from this temperature-time (t;-t) curve and a knowledge of the power output of the heater. Many advantages of the method as used for work at 1-atm pressure were listed by daeger and Sass [1964] . In addition, the method has the following advantages for highpressure work: (1) the diffusivity and conductivity are both Copyright ¸ 1976 by the American Geophysical Union. determined, either allowing the specific heat to be determined through c = K/pK or providing a consistency check if the specific heat is known; (2) the early part of the temperaturetime history may be used, thus minimizing violations of boundary conditions which are in general difficult to maintain in the pressure apparatus; (3) thermal properties are measured in a single plane, perpendicular to the line source; (4) sample design is amenable to the inherent pressure vessel geometry; (5) sample size maximized so that experimental errors due to the finite size of the heater wire and the thermocouple are minimized; (6) sample preparation, while it is not trivial, is relatively simple. The main disadvantage of the method is that data reduction is complex.
An inherent difficulty with the application of most methods of simultaneously measuring the thermal diffusivity and conductivity to high pressure is in providing an accurate description o[ the boundary conditions on the sample. The original line source method of Jaeger and Sass [1964] applies to a sample which is perfectly insulated or has only small heat losses. It is not possible to insulate a mineral sample (which is itself a good insulator) in a high-pressure vessel. We performed several experiments which showed that the assumptions of perfect insulation or small heat losses from the sample are not even approximated at high pressure. We therefore decided to make the cylindrical surface of the sample as nearly isothermal as possible by placing the sample in contact with good thermal conductors. The following theory, then, is a modification of the Jaeger and Sass [1964] theory to this boundary condition.
An infinitely long circular cylinder 0 < t, < a (or equivalently, one which is perfectly insulated at the ends so that the axial flux is zero, dv/dz = 0) is assumed to have a thermal conductivity K, density p, specific heat c, and thermal diffusivity • = K/pc. K, •, p, and c are assumed to be independent of temperature. The initial differential temperature between the cylinder and its surroundings (v) is assumed to be zero (v = vo(r) = 0) at time zero (t = 0). The outer surface (r = a) is assumed to be an isothermal surface (v = v(a) = 0 for all t > 0). For all time t > 0, there is a line source of infinitely small diameter parallel to the axis through the point whose polar coordinates are (r', 0). This source emits heat at the constant rate Q per unit length per unit time.
The The cell was designed to achieve two conditions: (1) the desired thermal boundary conditions on the sides and ends of the cylinder, and (2) a condition of uniform stress distribution. The sample was surrounded in the radial direction by good conductors which coupled it thermally to the pressure vessel and cooling system. Such thermal coupling gave a reasonable approximation to the boundary condition of the cylinder surface that the differential temperature remain zero (v(a) = 0 for all t • 0). Silver was chosen as the material to be placed The thermocouple used in the thermal measurements was located at the midpoint of the sample's length. Thermal scaling of the experiment shows that during a typical run of 100-s duration the thermocouple history is most influenced by material within a distance slightly less than one cylinder diameter, that is, by material within 1.27 cm (,• inch) of the thermocouple. Thus we estimate that the pressure variation within material which influences the experimental results is about 1 kbar. Since the pressure gradient is probably uniform in the central region, it is reasonable to assume that the pressure differences are largely self-compensating and that the thermal properties are averaged over +• kbar about the mean pressure.
In order to estimate the mean pressure at the center of the sample, diffusivity measurements were made on compression and decompression over several pressure ranges. In order to minimize this temperature effect we used the minimum power required to give a resolvable v-t curve for data reduction. The measured values of diffusivity are appropriate to a temperature averaged over the sample volume for the duration of the experiment. The value of temperature which we specify for our measurements is the highest temperature attained at the thermocouple during the duration of the experiments. Actual temperatures attained in the material between the heater wire and the thermocouple at the end of the experiment would have been slightly higher, but the value specified is probably a reasonable approximation to the mean temperature of the sample integrated over the duration of the experi- In order to determine the conductivity K from the diffusivity K it is necessary to measure the power dissipated per unit length in the line source. Limited by the number of wires exiting from the cell, we were not able to measure this power in situ. Instead, the initial resistance of both the heater and its copper leads was measured before assembly into the pressure vessel. During the run the heater current and total resistance of the leads plus heater were measured. The copper leads inside the cell changed in resistance owing to the effect of pressure. Bridgman [1938] observed a 5% decrease in the resistance of copper from room pressure to 30 kbar. After this correction was applied to the The specific heat of Teflon decreases with pressure and is discontinuous across the Teflon II-11I phase change.
